Introduction
Since the major characterization of cancer is recognized by incompetence of cellular immunity, the aim of active specific cancer immuno-therapy is to induce or stimulate tumorspecific immunity (1, 2) . Numerous studies have shown that IL-12, a key cytokine for the induction of Th1-oriented immune responses, is one of the most potent molecules in cancer therapy. IL-12 is a heterodimeric immunoregulatory cytokine composed of covalently linked p40 and p35 subunits and exhibits anti-tumor activities in a variety of laboratory models (3) (4) (5) . Analysis of the anti-tumor mechanism of IL-12 has shown that CTLs are critical immune effectors. Others, such as promoting the proliferation of T cells, NK cells and tumor-infiltrating lymphocytes were involved. In addition to developing strong anti-tumor CTL responses, the augmented production of other cytokines including IFN-γ, and TNF-α induced by IL-12 has been implicated in its anti-tumor effectors (6) . Whereas, administration of IL-12 protein was directly limited by severe toxicity in vivo. The genetic therapy approach provides a strategy to achieve temporary and high local concentrations of cytokines within a tumor with less risk of systemic toxicity (7) . The efficiency of local secretion of cytokines at the tumor site using genetically modified fibroblasts or tumor cells or recombinant vectors has been demonstrated effectively in a variety of tumor models (8) (9) (10) .
We constructed a recombinant eukaryotic plasmid containing a fusion gene encoding a linearized single chain of human IL-12, pcDNA6/v5-his-p70 (pcDNA-p70) (11) . Previous investigations have shown that the expressed IL-12 revealed expected biological activities both in vitro and in vivo. When pcDNA-p70 was injected directly into the transplanted murine tumor (S180, a murine sarcoma cell line) on mouse model, the tumor regression appeared clearly (12) . In this study, pcDNA-p70 was transfected into EMT6, a murine mammary carcinoma cell line. The genetically modified tumor cells (EMT6/IL-12) were transplanted into mouse model to evaluate its capacity in tumor genetic therapy.
Materials and Methods

Plasmid
Recombinant eukaryotic plasmid containing a fusion gene encoding a linearized single chain of human IL-12, pcDNA6/ v5-his-p70 (pcDNA-p70) has been described previously (11) .
Cell line EMT6 cell line (BALB/c mammary adenocarcinoma cell) was purchased from the Experimental Animal Center of the Fourth Military Medical University (Xi'an, China). Cells were cultured in RPMI 1640 (GIBCO, USA), supplemented with 10% heat-inactivated fetal bovine serum (FBS, Sijiqing Company of Hangzhou, China) at 37°C in 5% CO 2 .
Mice
Thirty female SPF Kunming mice (weight from 18 g to 20 g) were purchased from Qingdao Experimental Animal Center. They were kept (ten mice per cage) in isolation under specific pathogen-free conditions, exposed to 12-h light/12-h dark cycles, and provided with standard feed and water.
Cell modification EMT6 cell line was transfected with pcDNA6-p70 by polyethyleneimine (PEI, Sigma, USA) as described previously (11) . The modified cell line (EMT6/IL-12) was selected in 10% FBS/RPMI 1640 with Blasticidin S HCl (final concentration 10 mg/ml, Invitrogen, Carlsbad, CA) for 14 days and cultured in maintenance solution (Blasticidin S HCl, 2 mg/ml).
Identification of EMT6/IL-12
IL-12 fragments were amplified from DNA of EMT6/IL-12 cells. The sequences of the primers are as follows: forward primer: 5'-GCG GTA CCA CCA TGT GTC ACC AGC AGT TGG TCA TCT C-3' (37 bp), reverse primer: 5'-TTG CGG CCG CGG AAG CAT TCA GAT AGC TCA TCA CTC-3' (36 bp). Amplified fragment was separated by 1.5% agarose gel electrophoresis and visualized with ethidium bromide.
The total RNA was extracted from the 5 × 10 6 EMT6/ IL-12 using TRIZOL (Invitrogen, Carlsbad, CA) and reverse transcribed into first-strand cDNA using oligo-dT primers and the AMV reverse transcriptase (Promega, USA) from 5 μg of RNA sample. IL-12 fragments were amplified from the cDNA and analyzed by electrophoresis as described above.
Tumor models and in vivo treatment
Thirty mice were randomly divided into 3 groups (10 mice a group): EMT6/IL-12, pcDNA6-p70, EMT6. Mice in EMT6/ IL-12 group were inoculated s.c in the right prothorax with EMT6/IL-12 cells (2 × 10 6 cells/ml, 100 μl). On days 4, 7, 10, 14 and 17 after inoculation, saline (100 μl/mice) was injected on the primary injected site. Mice in pcDNA6-p70 group were inoculated with EMT6 cells (2 × 10 6 cells/ml, 100 μl) and pcDNA6-p70 was injected in the same way as the EMT6/IL-12 group. EMT6 group was inoculated with EMT6 cells (2 × 10 6 cells/ml, 100 μl) and saline was injected as described above. All mice were sacrificed on day 21, and subcutaneous tumors, spleens, thymus glands were weighted, and tumor inhibitory rate [(weight of control group -weight of experimental group) / weight of control group], splenic index (weight of spleen / weight of mouse), and thymus index (weight of thymus / weight of mouse) were calculated.
Tumor growth curve
The growth status of tumors on days 4, 7, 10, 14, 17 and 20 was observed, and the diameters of the tumors were acquired by vernier caliper to build the tumor growth curve.
Lymphocyte proliferation
Mouse splenocytes were isolated by Ficoll (TBD sciences, Haoyang Biological Manufacture Company of Tianjin, China). A total of 2 × 10 6 cells/ml was cultured in 96-well (100 μl/well) plates with RPMI 1640, 5 μg/ml Con A, and 10% FBS for 72 hours. Three parallel pores were performed in each sample. MTT (final concentration 0.5 mg/ml) was added into each well for the last 4 h, and DMSO (120 μl) was added to each well in the end. Absorbance was evaluated at 570 nm. Proliferation rate = A of experimental well minus A of control well.
Cytotoxicity of splenocytes
Splenocytes were isolated and adjusted into 2 × 10 6 cells/ml as the effector, and EMT6 cells were adjusted into 2 × 10 5 cells/ml as the target. Both of them (100 μl) were co-cultured in 96-well U-shaped plate (effector: target = 50:1) for 4 hours. Meanwhile maximum releasing (100 μl target cells plus 100 μl 2% Triton-X 100) and spontaneously releasing (100 μl target cells plus 10% FBS/RPMI 1640 100 μl) wells were set. Then, supernatants were harvested and 100 μl freshly prepared LDH substrate (NBT0.032 mg, NAD + 0.08 mg, PMS 0.008 mg, 1 mol/L sodium lactate 4 μl) was added to each well, avoiding light at room temperature for 10-15 min, the reaction was stopped by adding 30 μl Citric acid/well. Absorbance was evaluated at 570 nm. Cytotoxity of splenocytes = (A of experimental group minus A of spontaneously releasing) / (A of maximum releasing minus A of spontaneously releasing) × 100%.
IFN-γ assay
Blood was collected from the orbit before sacrificed. Serum was prepared. IFN-γ was measured by ELISA kit according to the manufacturer's instruction. The absorbance (A value) was detected at 490 nm. Concentrations of IFN-γ in the serum were expressed as pg per milliliter with reference to a standard IFN-γ curve. 
Cytokine flow cytometry (CFC) analysis
Statistical analysis
The one-way ANOVA was used to test for differences among experiments by SPSS 11.5. p value < 0.05 was considered statistically significant.
Results
Identification of transfection and expression of EMT6/IL-12 cell line
The methods of PCR, RT-PCR and ELISA were utilized to test the expression of IL-12 by the modified cell line EMT6/IL-12, from DNA, RNA and protein levels. As shown in Figure 1 , the fragments amplified from the DNA and cDNA template of EMT6/IL-12 have the same nucleotide sequence as IL-12 (1.8 kb). Meanwhile, EMT6/ IL-12 secreted 0.9-1.6 ng/ml IL-12 (assessed in supernatant from 2 × 10 5 cells grown for 48 h in 2 ml of medium) as measured by ELISA (data not shown). These results indicated that pcDNA6-p70 was successfully expressed in EMT6/IL-12 cells.
Inhibition of tumor growth in EMT6/IL-12 mice
In order to investigate the tumor growth in the three groups, the tumors were detected from day 4 in mice inoculated with tumor cells. Mice in EMT6/IL-12 group developed palpable tumors which growing continuously from day 0 to day 7. After that time, tumors began to regress progressively. Five mice were tumor free on day 21. Tumor growth was inhibited to a certain extent in the group pcDNA6-p70. While in the EMT6 group tumors were growing progressively until the sacrificed day (Figures 2 and Table 1 ). These results suggested that EMT6/IL-12 cell line has the ability to inhibit the tumor growth in mice.
EMT6/IL-12 enhances the anti-tumor immune function in vivo
To check the capacities of anti-tumor immunity in vivo, we studied some immune indexes. Compared to the control groups, the indexes of spleen and thymus in EMT6/IL-12 group increased significantly. Moreover, the cytotoxicity of splenocytes, lymphocyte proliferation and the level of serial IFN-γ were also elevated obviously ( Table 2 ). These data confirmed that EMT6/IL-12 could induce higher anti-tumor immunity. 
Effects of EMT6/IL-12 cell line on enhancing the functional T cells
Discussion
IL-12 is a potent central cytokine to regulate innate and adaptive immune responses. Previous reports showed that it is one of the most effective multi-functional cytokines with immuno-competence and regulation effect (14) . The efficacy of IL-12 as a therapeutic cytokine has been studied in various experimental murine tumor models and it has been used in clinical trials for the treatment of certain human cancers. IL-12 could exert a number of regulatory effects on splenocytes (15) (16) (17) . These include facilitating specific CD8 + T cell responses, promoting the development of Th1-type T cells, enhancing the cytotoxity of splenocytes, and inducing the secretion of IFN-γ. All the mechanisms above appear to underlie the well-known anti-tumor effects of IL-12. In fact, systemic administration of IL-12 has been shown to significantly suppress the growth of a variety of established murine tumors and prolong the survival of tumor-bearing mice (18) (19) (20) .
Despite the efficacy of IL-12, the appropriate approach for delivery of IL-12 in vivo remains to be determined. Although the pharmacokinetics of IL-12 is more favorable than those of many other cytokines, repeated systemic administration is required for maximal therapeutic activity in mice. The systemic administration of IL-12 is known to be associated with significant toxicity, which has essentially precluded its use in clinical practice (21) . Alternative approaches for IL-12 delivery include viral-mediated gene therapy and gene-modified tumor cell vaccines and others (22) (23) (24) . Unfortunately, viral-mediated gene therapy is associated with the generation of neutralizing antibodies (25) . The development of reliable and inexpensive techniques for the sustained local delivery of cytokines could facilitate the clinical application of IL-12.
Our research team has successfully constructed a eukaryotic expression vector, pcDNA6-p70 and primarily studied its anti-tumor effect on experimental mice through intro-tumor injection of the vector (11, 12) . In this investigation, we have extended these observations. We used IL-12 modified tumor cell line, EMT6/IL-12 to increase the concentration of IL-12 at the tumor site and demonstrated this could be more effective in inhibiting the tumor growth.
In our study, we demonstrated the EMT6/IL-12 could generate a high production of IL-12, which is similar to James's results (26) . EMT6/IL-12 tumors grew progressively for 10 days and then rapidly began to regress. On day 21, five of the mice remained tumor free, which indicates that locally secreted IL-12 could mediate strongly anti-tumor immunity.
It is indicated that locally produced IL-12 controls the growth of solid tumors through at least 3 distinct mechanisms. Firstly, stimulation of T cell response: the frequencies of CD4 + /IFN-γ, CD8 + /IFN-γ double positive cells were elevated, which made the tumor diminish or disappear. Secondly, activation of splenocytes mediated tumor cell lyses (28). Thirdly, the higher level of serum IFN-γ under the effect of IL-12 promoted anti-tumor immune response through variety of approaches (27) . Previous studies have clearly identified these mechanisms in different tumor models (26) . However, few have assessed the combined potential contributions of each mechanism within an individual tumor model.
Our study showed that the oncogenicity of modified tumor cell line, EMT6/IL-12 in vivo decreased and it induced persistent anti-tumor immunity. The weights of spleen and thymus in EMT6/IL-12 tumor-bearing mice increased significantly compared to the direct injection of recombinant vector. Moreover, because of the steady and persistent IL-12 expression in tumor site, it was more convenient to avoid the vector injection repeatedly. Besides, this approach had less side effects and lower price. So, we have soundly reasons to believe that this genetic engineered regime could become a more effective strategy and contribute to the improvement of long-term recipient survival.
In conclusion, although genetically engineered tumor cell could steadily produce IL-12 and yield anti-tumor immunity in mice, such an approach, however, may not be clinically feasible because it is labor-intensive and autologous tumor cells are not always readily available (29). So eliminating the oncogenicity of modified tumor cell lines and raising its immunogenicity by combining it with the tumor specific gene vaccine are what we need to do in the future. Meanwhile, the anti-tumor effect is complex as affected by multiple factors (4), thus we should combine it with other means of traditional operation, chemotherapy, radiotherapy and hematopoietic stem cells in the further investigation.
